Na
+ /K + ATPase (3, 4) . Recently, a closely related transporter, Oat6, was identified in mouse olfactory mucosa, and was shown to be involved in the transport of odorant organic anions (5, 6 ).
Oct1 and 2, located on the basolateral side of the proximal tubule (7) (8) (9) , mediate the bidirectional transport of cations by facilitative diffusion (10) .
The Oats and Octs are closely related, 
EXPERIMENTAL PROCEDURES

Oocyte isolation/ microinjection
Xenopus oocyte assays were performed as previously described (5, 18 Samples were kept on ice until imaged. Confocal images were taken with the Nikon D-eclipse C1
confocal microscope (A.G. Heinze, Lake Forest, CA). Images were taken using the same settings for intensity comparisons.
Quantitative Image Analysis
Image analysis was performed with
ImageJ software (NIH, Bethesda, MD) using pixel intensity measurements. Images were manually outlined twice to measure intensity, and the average value obtained was taken as the total intensity of a kidney. Four representative background areas were traced in interstitial spaces.
Average background measurements were then subtracted from the total intensity. Significance values were determined using the t-test, and all values represent triplicate kidney samples.
Computational modeling
The consensus pharmacophore model was constructed on the basis of the cationic compounds that had high binding affinity for Oat3 
RESULTS
Interaction of organic cations with mOat1, mOat3 and mOat6
A set of fourteen organic cations that had been previously demonstrated to interact with the Octs (22) and that were considered to be prototypical Oct substrates were selected to assess their interactions with mOat1, mOat3 and mOat6; Table 1 ).
The seven cations that interacted with mOat1 were a subset of those that interacted with mOat3. Of these, while histamine manifested greater affinity for mOat1 than for mOat3, buspirone, 1-MPP, cimetidine, nicotine, quinidine and verapamil manifested greater affinity for mOat3 than for mOat1 (Fig. 1A) . uM and 693 ± 208 uM for cimetidine and 1-MPP, respectively. These values were similar to the inhibition constants (K i ) obtained for these compounds (Table 1) .
Computational modeling
Analysis of the structures of the tested compounds led to the derivation of a four feature pharmacophore comprising two H-bond acceptors, a hydrophobic feature and a positive ionizable feature (Fig. 3) , which was used to screen a structural database (see Experimental Procedures).
Seven cationic compounds with a good fit to the pharmacophore were tested for binding to mOat1 and mOat3. Four compounds were found to bind to mOat3, and three to mOat1 ( Table 2 , Fig. 4 ).
Consistent with the data for the 14 prototypical organic cations, the affinities were highest for the compounds that bound Oat3; in fact, they were better than the best in the original cation set by an order of magnitude (e.g., compare K i for verapamil of 31 uM in Table 1 with Ki of BTB 05272 of 2 uM in Table 2 ). These findings support the notion that the pharmacophore features make important contributions to organic cation binding to the Oats.
Cation interaction with kidney organ cultures
While the oocyte expression system has been extremely useful in studies of organic anion transporters, it is not whole living mammalian showed 50-65% inhibition; guanidine, which did not inhibit tracer uptake in the mOat1-expressing oocytes, also did not show significant inhibition of tracer uptake in Oat3 -/-organ cultures; and PAH, the prototypical Oat1 substrate, showed greater than 90% inhibition of tracer uptake (Fig. 5) .
Conversely, in Oat1
-/-tissue (where tracer transport is due to Oat3), 2 mM verapamil, buspirone, cimetidine and 1-MPP showed greater than 75% inhibition of tracer uptake; while metoclopramide, quinidine, and nicotine showed more than 60% inhibition; procainamide, histamine and clonidine showed weaker inhibition, at around 40%; and estrone sulfate, a well known substrate of Oat3, showed the strongest inhibition, at 95% (Fig. 6) . Again, these results correlated well with the oocyte transport studies shown in Table 1 and Figure 1 . Oat3-mediated transport in Xenopus oocyte assays, while three of these compounds inhibited Oat1-mediated transport. Oat3 showed a higher affinity for these compounds than did Oat1. Fluorescence was quantified and results are presented as a percentage of control tracer uptake. Paminohippurate (PAH), the prototypical substrate for Oat1, was used as a positive control, and showed the greatest degree of inhibition. Guanidine, which did not show inhibition in the Xenopus oocyte assays, was the negative control. I. All images represent triplicate kidney cultures from the same experiment. Values in graph represent mean ± S.E. *, p<0.05;**, p<0.005;***p<0.0005. (1) Metoclopramide N/A (1) 1,376 ± 150 N/A (1) Procainamide N/A (1) 4,873 ± 1,736 N/A (1) Clonidine N/A (1) 14,360 ± 7,694 N/A (1) Organic anion mOat1 mOat3 mOat6
p-Aminohippurate 8 ± 2 (2) 92 ± 14 (4) 446 ± 98 (3) Estrone-3-sulfate 203 ± 10
8 ± 2 (2) 58 ± 10
Methotrexate 901 ± 108 (3) 303 ± 142 (4) 597 ± 79 (3) N-acetylaspartate 840 ± 260 (3) N/A (6) 27800 ± 9900 (3) Cidofovir 25 ± 7 (5) N/A (1) N/A
Fluorescein 3 ± 0.1 (5) 35 ± 2 (5) 93 ± 6 (5) 5 -carboxyfluorescein 523 ± 80 (5) 373 ± 28 (5) 3581 ± 582 (5) 6-carboxyfluorescein 57 ± 3 (5) 11 ± 0.1 (5) 3162 ± 241 (5) (1) Did not show affinity (2) Data from (25) (3) 
